INTRODUCTION
Many studies over the last three decades established the pathogenesis of glomerulonephritis as arising from the presence of antibody in the kidney in either of two forms: either deposited as an immune complex formed in a systemic immune reaction or as an antibody directed against glomerular antigenic determinants themselves. Both situations initiate humoral events including the activation of complement that result in functional impairment of glomerular filtration (1) . The role of circulating leukocytes became established with the demonstration that neutrophils contributed to the early phase of glomerular damage in experimental glomerulonephritis (2) . Recently, we have shown that Receivedfor publication 13 April 1981 and in revised form 8 June 1981. 920 some forms of experimental glomerulonephritis are associated with an influx of monocytes that correlates with sustained histological and functional abnormalities in the glomerulus (3) . Such investigations have visualized the glomerulus as a somewhat passive participant in its own impairment, providing a vulnerable milieu for a stereotyped inflammatory response whose only reference to the kidney was as an antibody depot. We have now made observations that suggest that the kidney may be a more active contributor to glomerular immune reactions than previously realized.
Using techniques for the isolation and short-term culture of glomerular cells, and their in situ labeling, we have found a new cell intrinsic to the uninflamed renal glomerulus. It is phagocytic and bears I-regionassociated antigens (Ia), the membrane proteins coded for by the major histocompatibility locus that permit specific interactions between phagocytes and lymphocytes. This Ia-bearing glomerular cell can present antigen in a genetically restricted fashion to syngeneic lymphocytes and can selectively stimulate allogeneic lymphocytes. The presence of this cell indicates that the glomerulus has the potential to process antigen actively and to initiate a cellular immune response in situ. These observations not only bear significant implications for defining a new pathogenesis of glomerulonephritis, they also suggest a better way of understanding the mechanisms that underlie the initiation of host rejection of kidney transplants. METHODS Animals. Female rats, either of the Lewis or the Buffalo produced their complete blanching and eventually a clear perfusate. Mottled kidneys, indicative of incomplete perfusion, were discarded. Possible blood contamination was judged minimal because erythrocytes or neutrophils were rare in isolated glomeruli as well as in cultures of enzymatically isolated glomerular cells. Glomeruli were obtained by pressing slices of renal cortex through graded sieves (Tyler sieves, Curtin Matheson Scientific, Inc., Houston, Tex.) of 250, 150, and 75 ,g with a rubber stopper (5) . Preparations consisted of 90-95% glomeruli with occasional contaminating tubular fragments.
The protocol for the enzymatic release of glomerular cells was extensively modified from previous reports (6) . The purified glomeruli were washed twice in Hanks' balanced salt solution (HBSS)l at 50 g and then placed, in step 1, in a solution consisting of trypsin (Type III, 10,200 BAEE U/mg) (Sigma Chemical Co., St. Louis, Mo.), 1 mg/ml; collagenase (Type CLS IV, 126 U/mg) (Millipore Corp., Freehold, N. J.), 1 mg/ml; and DNAase (Type III, 1,825 Kunitz U/mg), 0.01 mg/ml, pH 7.2-7.4, for 45 min at 37°C on a rocking platform. The partially digested glomeruli were then washed in HBSS lacking calcium or magnesium (Microbiological Associates) and placed, in step 2, in a solution of 2 mM EDTA (Sigma Chemical Co.) in HBSS without calcium or magnesium for 10 min at 37°C. This preparation was then centrifuged at 50 g for 10 min and divided into a sediment and a suspension of single cells. In step 3, the sediment, consisting of partially digested glomerular fragments, was incubated for an additional 20 min at 37°C in collagenase, 2 mg/ml. The preparation was allowed to settle for 90 s at 1 g, which removed most of the residual debris. The supernate after the collagenase incubation was then centrifuged at 400 g, washed, and recombined with the cells removed after step 2. Cells were spun at 400 g for 10 Antigen presentation assay. The proliferation of immune T lymphocytes in response to antigen presentation by Iabearing cells was carried out in a protocol analogous to that previously described for mice (11) . Immune lymphocytes were obtained by injecting female Lewis rats, 2 mo old, with 2 x 105 live Listeria monocytogenes into the peritoneum 10 d before harvesting. 3 d before harvesting each rat received 5 ml i.p. of 10% proteose-peptone (Difco Laboratories, Detroit, Mich.). T lymphocytes were separated from adherent peritoneal exudate cells by two cycles of 2 h of adherence on plastic tissue culture dishes, followed by a third cycle of adherence in overnight culture. Glomerular cells at 2 x 106 cells/ml were allowed to adhere according to the labeling protocol. Heat-killed, opsonized Listeria (2 x 107) were added to the cultures of 2 x 106 adherent glomerular cells and centrifuged at 400 g for 5 min to enhance settling of Listeria onto the cells. The antibody-coated Listeria were prepared by incubating heat-killed Listeria, 5 x 107/ml, in a 1:10 dilution of whole rabbit anti-Listeria serum. The Listeria-pulsed cells were incubated at 37°C for 1 Assay of allogeneic reactivity. The responder cells were lymphocytes isolated from the axillary, periaortic, popliteal, and inguinal lymph nodes of adult female Buffalo rats. The stimulatory cells consisted of (a) spleen cells from allogeneic Lewis female rats, (b) adherent glomerular cells from Lewis rats, or (c) syngeneic adherent glomerular cells from Buffalo strain female rats. The medium was the same as for antigen presentation, with the addition of 50 ,uM 2-mercaptoethanol. Stimulator cells were placed in culture at a concentration of 2 x 105/ml (1 ml/well) for spleen cells and 5 x 105 cells/ml for glomerular cells. Stimulator cells were allowed to adhere for 2 h on flat-bottomed microwells, washed, and then irradiated with 1,500 rad. The responder lymphocytes (2 x 105) were then added and the cultures allowed to proceed for 6 d. Proliferation was assayed exactly as above in the antigen presentation assay by adding tritiated thymidine to the cultures 16 h before harvest on day 6 .
RESULTS
Identification ofIa-positive cells in glomeruli. Our interest in the possible existence of a resident, antigenprocessing cell in the glomerulus led to the following experiments, in which enzymatically isolated glomerular cells were fluorescently stained for the presence of rat Ia antigens. Cells were examin-ed in suspension and after varying times of adherence on coverslips. As shown in four representative experiments in Table  I , we consistently found between 6 and 8% of total glomerular cells, in a single-cell suspension, bearing Ia antigens. Allowing the cells to adhere on coverslips for 2 h enriched the Ia-positive population three-to sixfold to between 21 and 37% of the total adherent glomerular cell population. About 1% of the nonadherent cells were Ia-positive. We found that, after 2 h of culture and after Ia labeling, only -30-40% of the total cell population remain adherent. 24 We also noted that the range of bead ingestion increased from 2-5 to 5-10 beads/cell after prolonged culture (Fig. 3A) . The number of EA bound per cell increased from 3-5 to >10/cell, which indicates an increase in the number or the avidity of Fc receptors or both (Figs. 3B and C).
There is an absolute decrease in the percentage of Ia-positive cells in prolonged culture, whereas the number of cells per high-power field is relatively constant. This is demonstrated in Fig. 4 ; in this experiment, by 96 h of in vitro culture, only 4% of the total glomerular cell population remained Ia-positive. In addition, the intensity of Ia labeling decreases with time among the positive cells, which indicates a generalized progressive loss of Ia antigens. The loss of the Ia phenotype by cells under prolonged culture conditions has been observed in the mouse (13, 14) .
Finally, it should be noted that neither the small endothelial cells nor the larger epithelial cells nor the elongated cells of Fig. 1D First, the kidneys were thoroughly perfused with saline with complete blanching before the glomeruli were harvested. This minimized blood contamination, as supported by the fact that erythrocytes were not observed in isolated glomeruli and were quite rare in the dispersed cell preparations, making up much less than 1% of the total cell population before adherence.
The possibility that the Ia-positive cells were interstitial or bound to the tubules that occasionally contaminate the preparation was examined in two ways. We subjected tubular-enriched fragments from sieve sizes other than the ones used to harvest the glomeruli or interstitial fragments to the same enzymatic digestion. This Immune function ofglomerular cells. The presence of Ia antigens on phagocytic glomerular cells suggests these should be capable of presenting antigen to immune lymphocytes in a genetically restricted manner. We assessed antigen presentation with an assay based on immunity to Listeria monocytogenes (11) . In this assay, immunized T lymphocytes are seen to proliferate in response to Listeria only when it is presented bound to Ia-positive, syngeneic phagocytes. Our initial attempts to induce adherent glomerular cells to present Listeria as an antigen failed. The explanation became clear from experiments elsewhere in our laboratory in which it was observed that trypsin removes from the cell membrane of phagocytes a binding protein for Listeria, thus preventing uptake (15) . This protein is subsequently regenerated in culture (D. S. Weinberg and E. R. Unanue, experiments to be published). It should be noted that trypsin is used in the isolation procedure that precedes the establishment of glomerular cell cultures. Opsonization of the Listeria, however, allowed its uptake by way of the trypsin-resistant Fc receptor. In one experiment, for example, opsonizing Listeria increased the percentage of Ia-positive, adherent glomerular cells ingesting Listeria from 3 to 37% (Fig. 3D) . Table III , therefore, demonstrates two experiments in which glomerular cells from Lewis rats were pulsed with opsonized heat-killed Listeria, washed, and then combined for 3 d in culture with T lymphocytes from Lewis rats immune to Listeria. Listeria-pulsed adherent glomerular cells were highly effective in presenting antigen to T cells and inducing them to proliferate. The genetic restriction of this antigen presentation is demonstrated in Table IV Although these cells comprise up to 8% of single-cell suspensions obtained from purified glomeruli, we suspect this is too high a proportion, perhaps because these cells are more easily released by enzymatic digestion than other glomerular cell types.
If one assumes -600 cells in the average glomerulus of a 150-to 200-g rat (16) (12) .
Given that the Ia-positive cell is a normal resident of the glomerulus, there are two possible conjectures concerning its lineage. The first possibility is that it is inherently of renal origin, for which we have no direct proof or disproof. The second, which we favor on morphological grounds, is that it is ultimately derived from the bone marrow, belonging to the heterogeneous grouping of tissue-resident, mononuclear phagocytes that encompass Kuppfer Experimental conditions were the same as in Table III .
Antigen-presenting phagocytes were from either the Lewis or Buffalo strain rats. Sensitized T cells were Lewis strain.
* Arithmetic mean cpm+SE, n = 3. In the above studies, functional assays or localization of the cell were not done; nor was the presence of contaminating monocytes ruled out, a contention that has served as the prevalent explanation for the presence of such cells (19, 20) . Indeed, one review (20) has suggested that there is no evidence that mononuclear phagocytes are present in the mesangium in the absence of monocytic infiltrates induced by an inflammatory deposit such as immune complexes. Thus, in evaluating female human kidneys transplanted into males, Schiffer and Michael (21) could not find Y-body-containing cells in the transplanted kidney. After transplanting bone marrow cells with distinctive lysosomal markers into syngeneic mice, Striker et al. (22) , using electron microscopy, observed phagocytosis in the glomerulus only by acutely infiltrating monocytes 24 h after injecting immune complexes intravenously. Although further investigation is required to explain the discrepancy between the above observations and our delineation of glomerular phagocytes, we believe a key issue will be the methodologic problems of sampling attendant to histochemical and ultrastructural analysis in the detection of a small phagocytic subpopulation totaling 1-2% of glomerular cells. Our approach has allowed detection of as few as 5 cells/glomerulus. Our conclusions that the phagocytic cell described in the report is normally resident in the glomerulus is consistent with previous reports of in situ phagocytosis of noninflammatory substances including ferritin (23) , colloidal carbon (24) , and thorium (25) .
The display of Ia determinants by a residential glomerular cell bears particular relevance to the subject of renal allograft and rejection. Disparity between donor and host across the I region of the major histocompatibility complex is essential to the induction ofhost lymphocyte immunity. With the assumption that the kidney does not display intrinsic Ia determinants, previous research devoted to abrogating the induction phase of host immunity has attempted to eliminate from the graft passenger leukocytes, the only hypothesized source of Ia (26) . The relative lack of success with this approach, together with our finding an extremely vigorous mixed leukocyte reaction by allogeneic lymphocytes to Ia-positive glomerular cells, indicates that the mononuclear mesangial phagocyte might be the proper focus of future investigation into this issue.
Finally, the observations in this report potentially suggest reconsideration of the contributions of various immune mechanisms to glomerular inflammation. Only recently has the participation of circulating monocytes in experimental glomerulonephritis been delineated (3, 22) , and the stimulus causing their infiltration remains obscure, except for the finding that it is not complement dependent (27) . The (28) . They degrade and process antigen to selectively initiate cellular and humoral immune responses by lymphocytes. They concomitantly engage in reciprocal, modulatory interactions with lymphocytes that effect proliferation, differentiation, factor secretion, and other functions.
We are currently investigating the fiunction of this glomerular cell type in the context of such interchanges, with the additional consideration that the nonimmunological function of the glomerulus may also be affected by such interactions.
